


Active Loudspeaker 
System (2) 


A subwoofer for use with multimedia loudspeaker systems 
Design by T. Giesberts 


As with most small enclosures, the bass response of the active 2-way 
loudspeakers described last month has its limits. The compact subwoofer 
described here will therefore be a welcome addition for most enthusiasts. 
With its adjustable filter this subwoofer will also work very well with other 
small (satellite) speakers. 
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As a rough guide the bass response of 
loudspeakers tends to improve in pro- 
portion to their dimensions. This is not 
completely true, since there are a few 
tricks that can be used to get a rea- 
sonable bass response from a rela- 
tively small enclosure. But these come 
at a cost of a reduced power handling 
capacity, efficiency and sound pressure 
level that the loudspeaker can pro- 
duce. 

Of course, what everybody wants is 
a loudspeaker with a volume of a few 
litres, using a small woofer, which is 
still capable of reproducing perfect 
sounding bass guitar or pipe organ 
sounds down to 30 or 40 Hz. But 
unfortunately this is just a physical 
impossibility. Such a bass response 
requires a larger air displacement and 
this needs larger speaker diaphragms 
and enclosures. 

The active 2-way system published 
last month had a 13 cm woofer ina 
closed box with a volume of about 4 
litres. This really is a very small sized 
enclosure and the response graph 
made clear that not much should be 
expected of the response below 100 
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Hz. We decided not to use artificial 
(electronic) means of boosting the low 
frequency response, because we 
already had our eye on a much better 
solution: a separate subwoofer that is 
placed underneath the table (or desk), 
inconspicuously adding another 
octave to the response of the two 
miniature loudspeakers. 


Dual bass reflex 


So how did the design for the sub- 
woofer come about? We tried to get 
the subwoofer to complement the pre- 
viously published 2-way loudspeakers 
as well as possible. This meant we 
had to have a good quality design, 
without it becoming too large or costly. 
Since the intention was that the sub- 
woofer could be easily placed under- 
neath a desk we based the dimensions 
on those of a medium sized PC tower 
case. In this way we arrived at a vol- 
ume of roughly 50 litres. 

Next we started looking for some 
speakers that would fit in such an 
enclosure and would also give an 
acceptable bass response. For the 
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Figure |. The circuit is very similar to the active 2-way system. 
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speakers to fit in a PC tower sized enclosure 
they couldn't be very large. Again they should 
preferably have magnetic shielding, so they 
won't cause problems when placed close to a 
monitor or TV. 

After searching for a while we found the 
W170SC made by Visaton: a robust 17 cm 
woofer with a load handling capacity of 50 W, 
a resonant frequency of 36 Hz and a noticeably 
large peak diaphragm displacement of 20 mm. 
The W170SC is most at home in a bass reflex 
enclosure with a volume of about 25 litres and 
is then capable of reproducing frequencies 
down to about 45 Hz. Since a single 17 cm 
speaker only produces a limited amount of air 
displacement, we have used two of them ina 
‘double’ subwoofer using an enclosure with a 
volume of 50 litres. 

Just like the 2-way loudspeakers, the sub- 
woofer is also an ‘active’ design, with an elec- 
tronic filter and its own power amplifier. To give 
this design a wider usefulness, the cut-off fre- 
quency has been made adjustable between 
about 75 Hz and 145 Hz. The subwoofer can 
therefore be combined with virtually any com- 
pact (satellite) speakers. The power amplifier 
used here is the same integrated dual bridge 
amplifier that was used in the 2-way loud- 
speakers. Since the WS170SC has an impedance 
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COMPONENTS LIST 


Resistors: 

RI,R2 = 220kQ 
R3,R4 = 22kQ 
R5,R6 = 4kQ7 
R7-RI | = 10kQ 
RI2,RI3 = 0.1Q 5W 
RI4 = 2kQ7 


PI = 22kQ logarithmic. mono 
P2 = 4kQ7 linear. stereo 


Capacitors: 
Cl,C2 = 470nF 
C3 = Ink lead pitch 5mm 
C4 = 330nE lead pitch 5mm 
C5 = |5nf lead pitch 5mm 
C6 = 150nF lead pitch 5mm 
C7 = 2uF2 MKT, 
lead pitch 5 or 7.5 mm 
C8,C9 = 47uF 25V radial 
C10,C13 = 100nF lead pitch 5mm 
CII = 10uF 63V radial 
Cl2 = 4uF7 63V radial 
C14 = 4700uF 25V radial, lead pitch 


Figure 2. All available space is utilised on this PCB. Note the two wire links! 





Figure 3. The completed PCB for the subwoofer, including its heatsink. 
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7.5mm, max. diameter | 7mm 


Semiconductors: 

DI = LED, red, high-efficiency, 5mm 

ICI = TS924IN ST (Farnell) 

IC2 = TDA7374B ST (RS 
Components) 

IC3 = 7808 


Miscellaneous: 

JPI = 3-way pinheader with jumper 

LS1,LS2 = Visaton WI70SC 4 Q 
Conrad Electronics) 

2 x bass reflex tube, diameter 72mm, 
length 145mm (Conrad Electronics 
# 34 26 10-60) 

Heatsink: e.g., SK100 (Fischer), height 
approx. 50mm * 

Sealant tape: MDM-5 
(Monacor/Monarch) 

BAF wadding 

PCB, order code 020054-2 (see 
Readers Services page) 


* see text 


of 4 W, the amplifier has a power out- 
put of around 20 W per woofer. 

In practice we found that the fre- 
quency response and sound pressure 
level produced by the subwoofer per- 
fectly complemented the response of 
the small 2-way loudspeakers. 


Mixer and low-pass filter 


When you look at the circuit diagram 
shown in Figure 1, the similarities to 
the design for the active 2-way loud- 
speaker should be immediately obvi- 
ous since the same ICs have been 
used. Again we've used a TS924IN 
quad rail-to-rail opamp (IC1) for the 
input stage and filter. Voltage regula- 
tor IC3 supplies a stabilised 8 V to this 
opamp. R12 has been added to sepa- 
rate the signal ground and the supply 
ground when a single power supply is 
used for several channels. The fourth 
opamp in the TS924IN (IC1c) is once 
more used to create a stable virtual 
ground that is at exactly half the sup- 
ply voltage. 

The stereo output from the pre- 
amplifier is fed to the L and R inputs. 
Since our subwoofer is monophonic, 
like most are, (stereo information 
below 100 Hz is virtually non-exis- 
tent), the left and right channels are 
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first combined using a simple mixer 
(IC1a). This has been implemented in 
its inverting form so that the gain can 
be turned right down to zero with P1. 
The mixer can therefore accept signals 
at practically any level and could even 
be connected to the output of another 
power amplifier. C3 suppresses high 
frequency interference and restricts 
the bandwidth to about 7 KHz. 

The crossover filter consists of a 224 
order Butterworth low-pass filter. This 
filter is built round IC1b and has its 
cut-off frequency adjusted using 
stereo potentiometer P2. When both 
P2a and P2b are set to 0 W (effec- 
tively a short-circuit), the cut-off fre- 
quency is about 145 Hz. When the 
resistance is turned to its maximum, 
the cut-off frequency moves to about 
75 Hz. For use in conjunction with the 
active 2-way loudspeakers a cut-off 
frequency of 100 Hz is ideal, but P2 
covers a wider range so the subwoofer 
can also be used with other (satellite) 
speakers. We found that the sub- 


Figure 4. Design drawing for the enclosure, 
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woofer could be adapted for use with 
various satellite speakers by adjusting 
the volume and frequency controls to 
their best settings through trial and 
error. 

As a bonus we've added an inverter 
(IC1d) to the output of the filter, which 
is selected when jumper JP1 is in the 
upper position. Depending on the rela- 
tive positioning of the subwoofer and 
satellites, a (subtle) improvement can 
sometimes be heard when the phase 
of the subwoofer is inverted. We 
should point out that the output of 
IC1d is actually in phase with the 
input signal, since the filter round IC1a 
is also inverting. If you wish to use the 
phase switching facility after encasing 
the electronics we recommend that 
you replace JP1 with a changeover 
switch. 


Power amplifier 


Because our experience with the 
active 2-way system was entirely pos- 


itive, we decided to use the same TDA7374B 
integrated power amplifier. The small number 
of external components required and the good 
internal protection circuits are a big advantage 
of this IC. Another excellent feature of this IC is 
that it contains two amplifiers, so that each 
woofer can have a separate power amplifier. 
Since the impedance of the woofers is 4 W, 
the TDA7374B delivers a bit more power than 
with the two-way loudspeakers; with a supply 
voltage of 17 V the power output is 2 x 20 W. 
The heatsink used should of course be capable of 
handling this. When a continuous signal is 
played at full power, you should in theory use a 
heatsink with a thermal resistance of 1.5 K/W. 
But with normal music a heatsink rated at 
2.5 K/W is sufficient in practice. An example of 
this is the SK100 made by Fischer, which has 
been used in the prototype shown in Figure 3. 


Printed circuit board 


All of the electronics for the subwoofer fits on a 
small PCB measuring only 44 by 63 mm. That is 
quite a bit smaller than the PCB for the 2-way 
loudspeaker! Figure 2 shows the layout and 


500 





r 


464 
> 





3 
f 
f 
ø 


SAA 


f 
f 
4 


A 
ANAAAAAAAANAANANAANAANARNNAENANNRNN y 


D J 


BEE EE SAAN a 














: 
A 





500 





po 


2/2003 Elektuur 


re 

















020054 - 2 - 12 


43 


AUDIOS&VDFO > SSS 


parts numbers. 

Again we find the input pins on the left-hand 
side of the PCB, the supply pins top-right and 
the speaker pins on either side of the power 
amplifier IC. The connections for the poten- 
tiometers are at the front of the PCB. Take great 
care when connecting stereo potentiometer P2; 
the numbers next to the pins correspond to 
those in the circuit diagram. As long as the con- 
nections between the PCB and potentiometers 
are less than about 4 cm you can use standard 
connecting wire. If you have a longer connection 


then you must use shielded audio 
cable. With that in mind there are 
earth pins included near P1 and P2 for 
connection to the shield. 

It is best to start with the wire links 
when populating the PCB; that way 
you won't forget them later. There are 
two of these: one near R12 and the 
other underneath the pins of IC2. The 
last link could also be soldered on the 
underside of the PCB, but in either 
case you should use isolated wire. The 


Amplifier Specifications (with a 17 V supply voltage) 


Input impedance 
Sensitivity (20 W/4 Q, PI max, P2 = 0) 


Distortion + noise (65 Hz, B = 22 kHz, PI max., P2 = 0) 


2x 20 kQ 

250 mV (L=R) 

0.01 % (1 W/8 Q) 
0.032 % (1 W/4 Q) 


power amplifier IC has purposely been 
placed at the edge of the PCB, making 
it easier to mount the heatsink. The 
use of isolating material between the 
heatsink and the tab of the IC is rec- 
ommended. 

The rest of the construction should- 
n't present any difficulties and as long 
as you keep to the parts list and the 
layout in Figure 2 there is no reason 
why the circuit shouldn't work first 
time. In Figure 3 you can see what a 


Bandwidth P2 =0 18.5 Hz - 160 Hz (relative to 65 Hz) 
P2 = max. 16.5 Hz - 86 Hz (relative to 44 Hz) 

Output power 2x20 W (4 Q) 

Quiescent current 0.16A 

In addition to the measurements taken of the electronics we also 

have three graphs that illustrate the performance of the active sub- A 


Closed box simulation _SPENKER te? 1997 bu CS Software 





woofer as a whole. Current value : up: 25 Ltr 


Fb: with damping Lv: 14.47 cn 








Graph A shows the computer simulation of a WI 70SC in a 25 litre i a cee 
| 
bass reflex enclosure. With the bass reflex port tuned to 46 Hz nia ast - | ea 
the graph is almost flat up to 300 Hz. There are some fluctuations eid ie Os EE! Wie od Oe ee hd = 
110 db iit d. 100% 


above this, but those frequencies are sufficiently suppressed by the 
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Graph B shows the frequency response of the power amplifier 
with P2 in its two extreme positions. The exact cut-off frequency 
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correctly populated PCB looks like, 
including the SK100 heatsink. 

The electronics can either be 
mounted in a separate case or inside 
the loudspeaker enclosure. You can 
choose whichever suits you best. For 
the power supply a standard trans- 
former/bridge/ electrolytic circuit can 
be used. A transformer rated at 
12 V/50 VA, a 10 A bridge rectifier 
and a smoothing capacitor of 
10,000 tF/25 V should be sufficient. 
As we mentioned in the article for the 
2-way loudspeakers, we will shortly 
publish a 17 V power supply for this 
project. This is based on a switched 
mode design, keeping losses in the 
voltage regulation to a minimum. 


Sturdy enclosure 


We've already mentioned that the ideal 
enclosure for two W170SC woofers is a 
bass reflex enclosure with a volume of 
50 litres. According to the calculations 
the enclosure should be tuned to a bit 
below 50 Hz. As chance would have 
it, the required bass reflect port could 
be implemented perfectly, using two 
standard reflex tubes made by Conrad, 
with a diameter of 72 mm and a 
length of 145 mm. These tubes there- 
fore don’t need to be cut to size, but 
can be mounted straight into the 
enclosure. In theory this provides tun- 
ing at exactly 46 Hz. 

Figure 4 shows the complete 
design drawing for the subwoofer 
enclosure. It can be seen that this is a 
straightforward rectangular enclosure, 
which even the less experienced car- 
penter should be able to assemble. 
This will certainly be the case if you 
can find a timber merchant who will 
cut the panels to size. 

Because this enclosure is substan- 
tially larger than that of the satellites 
and needs to support much heavier 
speakers, we used 18 mm thick MDF 
board for its construction. This also 
prevents unwanted resonances in the 
panels. In our prototype we glued two 
small 250 mm support beams 
between the two largest panels, 
although this isn’t a necessity. 

The openings for the speakers and 
the bass reflex tubes should be cut out 
carefully. A special tape (speaker foam 
insulation) should be used to obtain an 
airtight seal between the speakers and 
enclosure. The speakers should be 
screwed down tightly, either with self- 
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Figure 5. The woofers have to be screwed down tight to avoid unwanted resonance. 


tapping screws or (better still) using 
nuts and bolts. The bass reflex tubes 
should be fixed with wood glue. 

Only a limited amount of acoustic 
damping is required in the enclosure. 
It is sufficient to cover all sides with a 
layer of polyester wadding and there is 
certainly no need to fill it up com- 
pletely. The input connectors can be 
placed anywhere on the enclosure; 
their position will mostly depend on 
the orientation of the enclosure. Make 
sure that the polarity is clearly marked 
next to the connectors (or use loud- 
speaker terminals). 


Positioning and sound 


The positioning of a loudspeaker sys- 
tem consisting of a subwoofer and two 
satellites is fairly flexible. For an opti- 
mal stereo reproduction, the loud- 
speakers and your usual listening posi- 
tion should form an equilateral trian- 
gle. This is just a standard rule for 
stereo reproduction. The best position 
for the subwoofer should strictly be in 
the centre between the satellites. 
However, since these low frequencies 
have virtually no directional informa- 
tion, you'll find that it doesn’t matter 
very much in practice. Anywhere in 
the vicinity of the satellites seems to 
give a good result. 

It was a pleasant surprise when we 


listened to the two-way loudspeakers in combi- 
nation with the subwoofer. You don’t have to 
take our word for it, but once you’ve heard the 
small loudspeakers in combination with the sub- 
woofer you won't want to part with it again. 
Even with the volume control at a relatively low 
setting you will get a much richer sound. The 
inherently puny response of the small loud- 
speakers disappears and the sound gets a lot 
more ‘body’. The subwoofer produces a well- 
defined bass and in practice had power to spare. 
Whether it is worth experimenting with 
phase switch JP1 depends very much on the 
positioning of the loudspeakers. When the sub- 
woofer and satellites are all in one line, the 
sound is clearly better in phase rather than out 
of phase. If the woofer is nearer to or further from 
this line then experiment with JP1 to obtain the 
best result. You shouldn't expect a large differ- 
ence though, since the change really is subtle. 


Half a subwoofer? 


A nice feature of this subwoofer design is that 
it can be made as a smaller ‘trial’ version. When 
you want to limit the size and/or cost and are 
happy with a slightly less punchy bass 
response, you can simply use half the design. So 
you'll only need one W170SC, one bass reflex 
tube and an enclosure of 25 litres instead of 50 
litres. Should you change your mind at a later 
date, you could always build a second identical 
enclosure, making the end result exactly the 
same as the dual version just described. 
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